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predictable and intermittent and occur every several years, we sought to determine the occupational risk to both hospital and school employees over a 42-month period when B19 infections were endemic in the community but no outbreaks of the disease occurred.
Subjects and Methods
School employees. The study was done between 1 December 1988 and 30 June 1992 in the Richmond, Virginia, metropolitan area. This area has three public school systems: one city school system with 51 schools and two suburban county systems, county 1 with 45 schools and county 2 with 43 schools. The city school system enrolls ~27,000 students each year and has 4200 employees, county 1 enrolls ~33,300 students and has 3062 employees, and county 2 enrolls ~46,000 students and has 4375 employees. Within the city and county school systems, 89% and 21^, respectively, of the children are black.
Beginning in December 1988 a physician and research nurse visited each public school (elementary, grades kindergarten-5; middle, grades 6-8; and high school, grades 9-12) in these three school systems. At a staff meeting with all school employees, the study was described and volunteers were recruited. Each participant filled out a self-administered questionnaire, which was reviewed for completeness. Participants also provided a serum sample. Enrollment continued through June 1990. Annually, until June 1992, each school was revisited and follow-up serum was obtained from each initially seronegative subject.
Seronegative teachers and school employees who changed schools or responsibilities, or terminated school employment were also tracked and follow-up sera obtained. During the annual return visit to each school, new participants were enrolled from among new employees at that school. Employees from all occupational categories were included in the study. A total of 2730 employees at 135 schools participated.
To estimate the incidence of B19 infections among students, we met with the school nurses for each school system. We asked them to identify any child with possible erythema infectiosum.
Policy in county 1 requires nurses to record a diagnosis for each student they examine, and therefore, county 1 had the most complete reporting. For county 1, during year 1 of the study, 38 children at 12 schools had possible erythema infectiosum, as did 24 children at 15 schools during year 2 and 64 children at 23 schools during year 3. For county 2,38 children at 6 schools had possible erythema infectiosum during year 1 of the study, 74 children at 16 schools (1 elementary school reported 30 children with possible erythema infectiousum) during year 2, and 25 children at 9 schools during year 3. In the city schools, where 89% of children are black, only 3 cases of possible erythema infectiosum were reported over a 3-year period.
We administered a poststudy questionnaire to 733 randomly selected school employees at 19 elementary, 3 middle, and 3 high schools in the three school districts studied. The 26 schools were selected randomly by computer and participants were selected randomly from an alphabetized list of the employees at each school. The poststudy questionnaire was administered in person and compliance was >99%.
Hospital employees. As a comparison group, we monitored B19 infection among 751 health care workers employed at the Medical College of Virginia Hospitals in Richmond. Hospital employees were recruited in a manner analogous to that of school employees. A research nurse visited each inpatient and outpatient nursing unit in the hospital and recruited subjects from each unit. Each participant filled out a questionnaire, which was then reviewed with the research nurse, and a serum sample was obtained. Initial serum samples and questionnaires were also provided by volunteers among new female hospital employees during the study period. Annually, follow-up specimens were obtained from seronegative subjects. Only hospital employees working within a defined hospital unit who had patient contact were enrolled. Excluded were those with custodial, food service, and administrative positions and those in job categories without patient contact.
For both school and hospital employees, a follow-up interview was conducted with individuals who seroconverted to B19. Laboratory methods. IgG antibodies to B19 were measured by an indirect capture ELISA as previously described [22, 23] . Seroconversion was confirmed by assaying paired sera simultaneously in duplicate.
Definitions and statistical analysis. Individuals who tested positive for IgG antibodies using previously established cutoffs to B19 were considered seropositive; those below the cutoffs were considered seronegative [22] . Those who developed IgG antibodies to B19 were considered seroconverters.
Risk factors were screened for their relationship to seropositivity or seroconversion using x2 tests and logistic regression or survival analysis. come (^20,000, S20,000-S40,000, ^40,000), history of prior transfusion, and length of employment in current position. Relative risk (RR) was calculated as described by Kleinbaum et al. [24] . Risk factors were considered not significant if P > . 1 by a univariate test. Significant factors were then included in a logistic regression for seropositivity and a survival model for seroconversion. Data were analyzed using JMP software (SAS Institute, Gary, NC) [25] , and odds ratios and confidence intervals (CI) were calculated from the logistic regression model according to the method of Hosmer and Lemeshow [26] . Time to seroconversion was analyzed using Cox's proportional hazards model in JMP [25] . Annual seroconversion rates were calculated by dividing the observed infection rates (number infected/ total number of subjects per group) by the average number of person-years per subject. The majority of the subjects were white females, and gender, race, and age were significantly associated with seropositivity. Overall, 62% of females were seropositive compared with 48% of males (P < .0001). Race was most significantly associated with seropositivity. Overall, 64% of whites were seropositive compared with 47% of nonwhites (P < .0001). For both groups, age was also significantly related to seropositivity but not as a simple linear function. There were significant linear, quadratic, and cubic trends in age (x2 = 60.8, df= 3, P < .0001). Seropositivity decreased from age 25 to 30 and then increased until age 55, decreasing thereafter regardless of race or sex (figure 1). Contact with school-age children at home or work was identified as a significant independent risk factor for seropositivity. Subjects with children ranging in age from 5 to 18 years who resided at home had a higher rate of seropositivity than those without children at home. The 1340 subjects with school-age children at home were 65% positive, whereas the 2141 subjects without school-age children at home were 58% positive (P < .05). For children at home no association was detected between seropositivity and age subgroups or type of school attended: preschool ^5 years old), elementary school (5-10 years), middle school (11-14 years), or high school (15-18 years).
Results

Seropositivity
Contact with school-age children at the place of employment was determined differently for the two major subject groups. For hospital employees, those working on pediatric units who cared for children ^ years old were classified as having contact with children. For school employees, the job classifications of instructor, nurse, librarian, counselor, and clerical worker were defined as having contact with children, but administrative, custodial, and other occupational groups were considered as not having contact with children (figure 2). Subjects who had contact with children were also more likely to be seropositive. Of the 2442 subjects who had contact with children in their jobs, 63% were seropositive, whereas 53% of those with little contact with children at work were positive (P < .02).
School employees worked in 1 of 135 schools. After correction for age, sex, race, job classification, and school-age children at home, no single school had a seropositivity rate that differed significantly from the mean (62%). However, even after correcting for these variables, employees working in the 27 elementary schools in county 2 were significantly more seropositive than were all others: 70% of 492 employees (tables 1, 2; figure 1). The seropositivity rate of 54% for hospital employees did not differ significantly from the other groups, exclusive of county 2 elementary school employees (x2 = 1.17, PK.2S). 
-3.6). The higher infection rate among those employed in elementary schools in county 2 could not be explained by higher infection rates during any one year of the study, as infection rates did not vary over the study period (table 3). Although those employed in elementary schools in county 1 or the city had higher infection rates than those employed in high or middle schools (table 3), the difference between these two groups was not significant (P> A).
For school employees, when the seroconversion data were stratified by ages of children at home, during the first 30 months of the study (years 1 and 2, table 3) those with children 5-11 years old had the highest infection rates. The annual infection rate over the 42-month study period for those with elementary school children at home was 4.37c (24 seroconversions among 250 seronegative subjects) compared with an annual rate of 2^ (38 seroconversions among 677 seronegative subjects) for those without children of similar ages at home (x2 = 4, 1 df P < .05, RR = 1.74, 95% CI = 1.04-2.9).
Using the same job classification criteria as used for seropositivity to define contact with children at work, school employees with administrative, custodial, or other job classifications had an annual infection rate over 42 months of only 0^ (2 seroconversions among 149 seronegative subjects) compared with an annual rate of 3^ for 778 seronegative subjects with a child-contact position (x2 == 6.2, 1 df P < .02, RR = 5.49, 95% CI ^ 1.3-22.0).
Race and gender were not associated with seroconversion, but age was. Overall, those ^0 years old at enrollment had an annual infection rate of 4^ (18 seroconversions among 177 seronegative subjects) compared with an annual rate of 2^ (44 seroconversions) for 750 seronegative subjects ^30 years (x2 = 3.7, 1 df P < .05, RR = 1.78, 95% CI = 1.02-3.08). For those ^0 years old, the annual infection rate increased with each study year (table 3), although the overall yearly increase was not significant (x2 = 5, 2 dfl P > .05). Those in the third year did have a significantly higher rate than those in year 1 (x2 = 3.82, 1 df P = .05) .
The higher infection rate among those ^0 could not be accounted for by the presence of preschool children at home. First, considering all subjects regardless of age, the annual infection rate over the 42-month study period for those with children only ^ years old at home was 1.97c (5 seroconversions among 112 seronegative subjects), which did not differ significantly from the annual rate of 2.67c (21 seroconversions among 461 seronegative subjects) for those with no children ^9 at home (x2 = 0.19, 1 df P > .5). Second, considering only those ^0, the annual infection rate over the 42-month study period for those with children only ^ years old at home was 6% (4 seroconversions among 30 seronegative subjects), which did not differ significantly from the annual rate of 4% (13 seroconversions among 144 seronegative subjects) for those with no children ^9 at home (x2 = .07, 1 df P > .5). Finally, the frequency with which infected subjects had a child in day care when they became infected did not differ for those over or under age 30. Among the 62 subjects who became infected, 33% of women ^0 (6/18) had a child in day care (cared for outside the home with ^ 1 other child), similar to the 20% (9/44) rate of children in day care for those infected over age 29.
To determine if the risk factors identified using univariate analysis were independently associated with seroconversion, we analyzed hospital employees and teachers together in a combined data set using Cox's proportions hazards model. All risk factors were individually screened, and those that were marginally significant were included in a stepwise model. The final model found that the factors of being ^0 years old, working in an elementary school in county 2, having contact with children at work, and having elementary school-aged children at home were all independently associated with B19 infection. The rate ratio estimates for these factors are listed in table 4 and each estimate was similar to the RR estimates identified by univariate analysis.
Posts tudy survey of school employees. Of ~ 11,637 school employees, we enrolled 2730 (24%) in this study. To determine if those enrolled were representative of all school employees, we made a poststudy survey of 733 randomly selected school employees. The results (table 5) show that the subjects were representative. Bl 9-associated morbidity. Within 12 months of infection a postinfection interview was conducted with 60 of the 62 subjects who acquired B19 infection during the study. Eight subjects recalled exposure to a child with erythema infectiosum in their own home (6 were exposed to their own child), 9 recalled exposure to a child with erythema infectiosum at school, and 3 recalled exposure to another school staff member with erythema infectiosum. During the year when infection occurred, 28 (47%) of the 60 subjects remained asymptomatic, and 21 (35%) recalled joint pain, 10 (^) a rash, 18 (30%) a temperature >37.70C, and 22 a nonspecific, flu-like illness. Eight subjects were pregnant at or near the time of infection. One of those had two spontaneous abortions and one term pregnancy during the year in which she acquired B19. All 8 women delivered normal infants, 7 term and the other 5 weeks premature.
Discussion
The seropositivity rates we measured reflect B19 infections among the study subjects before 1989. This probably accounts for the association of age, race, and sex with seroprevalence. The age-related fluctuations in seroprevalence rates for all groups likely reflect prior epidemics of B19 in the Richmond area. Assuming no racial effects on B19 susceptibility or transmission, the lower infection rate observed among blacks than in whites most likely reflects the racial segregation of children that has existed within the Richmond area schools and community for decades. The significantly higher infection rate for women than for men may simply reflect that women, both at work and at home, spend more time with children. The 63% average seropre valence rate for 2730 school employees was similar to the 58% rate observed for 558 school employees in Connecticut before an outbreak in 1988 [21 ] . For the Connecticut school employees, no association for age or sex and seroprevalence was detected.
Several observations indicate that B19 infections were endemic but not epidemic or pandemic in the Richmond area during the 42-month prospective evaluation. First, few cases of B19 infection were reported by the school nurses, and no cluster of cases was observed at any school or group of schools. Second, the seroconversion rates during each of three consecutive study periods were the same for all groups or subgroups. Third, for employees, B19 infections were not clustered at individual or groups of schools. Although those teaching at 1 of the 27 elementary schools in county 2 had the highest B19 annual infection rate (5^) during the study, after adjustment for age and contact with children at home, employees at other schools or in the hospital who had contact with children at work had a fivefold higher infection rate than those without contact with children at work. This indicates that B19 infections were endemic in all three school systems and grade levels. Fourth, the infection rates that we observed, even for those teaching elementary school in county 2, were less than those observed for the 1988 Connecticut epidemic, which had 46 infections among 236 susceptible individuals exposed in schools, for a minimal annual infection rate of 19% [21 ] . Also, in a study of secondary B19 infections among exposed household members, rates were 30%-50% [2] .
Finally, because B19 infections are often asymptomatic or without a rash, low-level endemics go unnoticed. We observed that 28 of 60 infected employees were asymptomatic and only 20 knew of a specific exposure. In a study of 52 household contacts of patients with Bl 9 infections during an Ohio epidemic, infections without a rash occurred in 15 (94%) of 16 blacks and 7 (47%) of 35 whites, and completely asymptomatic infections occurred in 11 (69%) of 16 blacks and 6 (20%) of 30 whites [2] . During the Connecticut outbreak, 5 (8%) of 65 teachers who were never exposed to a child with a rash became infected [21] . Thus, observations of high secondary attack rates during epidemics and high rates of rashless or asymptomatic infections, combined with our data, provide strong evidence that even during periods when erythema infectiosum is inapparent in the community, school, or hospital, those in contact with children have a significant occupational risk for B19 infections.
Our data further suggest that contact with elementary school-aged children, whether at home or at work, may be the most important risk factor for B19 acquisition. When seropositivity for those with children at home was stratified by the child's age, the association between seropositivity and children at home only became significant (P < .05) when all children between 5 and 18 years of age were included. For seroconversion, however, the significant association was with elementary school-aged children at home. This was expected because when the first sera were obtained and tested for seropositivity, the children infected in elementary school were already in an older age group. Although working at an elementary school was not an independent risk factor for all school employees, it was for those employed in county 2.
Our data also show that employees have about twofold greater risk of acquiring B19 from children at work than from elementary school-aged children at home. This is indicated by the ratio of the seroconversion rate ratios for both risk factors (table 4) .
After adjustment for the other risk factors, the reason for the increased rate of infection among those ^0 years old is unknown. This may reflect behavioral differences, such as more frequent close contact or affectionate behavior with children. Regardless of the reason, women ^0 will have a high pregnancy rate and an increased occupational risk.
The low seroprevalence and seroconversion rate among hospital employees without known contact with children indicates that this group has a low occupational risk for acquiring B19 infections. B19 is a known hazard for susceptible hospital employees exposed to patients with aplastic crisis, and secondary attack rates of 30% and 37% have been reported [19, 20] . Hospitalized patients with hemolytic anemias and fever or aplastic crisis should be in respiratory isolation, and pregnant women with unknown serologic status should not care for such patients.
Our data confirmed that B19 is highly contagious. Secondary attack rates of 20%-40% for exposed school employees during epidemic periods and 2%-5% during endemic periods would be an unacceptable risk for pregnant employees if there was a high risk to the fetus. Fortunately, currently available data suggest the risk to the fetus after maternal infection is low. Two prospective studies have found a low rate of fetal death and no sequelae among live-born infants of mothers with primary B19 infections during pregnancy. In Britain, a study of 186 women infected with B19 during pregnancy found that ~ 30% of the fetuses became infected in utero [ 13] . Overall, 9% of the fetuses of infected mothers were lost, with the highest rate of fetal loss (12%) occurring after maternal infection during the first 20 weeks of pregnancy. In the United States, similar results were reported from a study by the Centers for Disease Control and Prevention, in which 187 women who acquired B19 infection during pregnancy and 753 control women without the primary B19 infection were evaluated to term [17] . There was a 5.97c fetal death rate among infected women, compared to a 3^ rate for the control group. In both US and British studies, all of the liveborn infants of mothers infected with Bl 9 during pregnancy were normal at birth and appear to have remained normal, at least through the first year of life, which is the longest they have been followed [13] . The full effects, if any, of intrauterine infection for live-born infants remains unknown [18] . We recently observed an infant infected in utero who developed a chronic postnatal viremia with B19, but that infant too was otherwise normal through age 1 year [27] . Thus, the only known consequence of B19 infection during pregnancy is the risk for fetal hydrops or fetal death.
Because B19 is probably endemic in most communities, what is the appropriate management policy for pregnant women with daily contact with children? The prevalence of seropositivity (immunity) to B19 among pregnant women will probably vary according to geographic location, age, and race; and this is the first study to examine these variables for a large number of subjects. Assuming, however, that on average 50% of pregnant women are immune, that during endemic periods l%-4% of susceptible women will become infected during pregnancy, and that the rate of fetal death after maternal infection is 5%-10%, then the occupational risk of fetal death for a pregnant woman with unknown serologic status will be between 1 in 500 and 1 in 4000. These rates are so low they do not justify intervention, such as serologic testing for pregnant women or furloughing or temporarily transferring pregnant seronegative employees to administrative or other positions without child contact. During epidemic periods in specific schools, when infection rates may be 5-to 20-fold higher, serologic testing, temporary transfer of pregnant employees, or both may occasionally be appropriate.
For most women nationally, fetal B19 infections during pregnancy will not occur from occupational exposure but rather from exposure to school-age children at home. Given this factor, the highly communicable and endemic nature of the infection, the broad spectrum of illness that B19 causes, and the large portion of population (30%-50%) who are susceptible, an effective B19 vaccine, preferably administered in infancy, may be appropriate.
